Genetic parameters, correlation and path analysis for 12 yield and quality traits were studied during rabi, 2009-10 in 21 genotypes of rice. High estimates of GCV were recorded for plant height, number of filled grains/panicle and grain yield/plant. Heritability in broad sense was high for all the characters except spikelet fertility. High heritability coupled with high genetic advance as per cent mean were recorded for number of productive tillers/plant, panicle density, number of filled grains/panicle, 1000-grain weight, grain yield/plant and kernel length. Grain yield/plant exhibited highly significant and positive correlation with days to 50 % flowering, plant height, productive tillers/plant, panicle length, panicle density and filled grains/panicle. Path coefficient studies indicated maximum direct positive effect of plant height, productive tillers, filled grains/panicle and kernel length and kernel breadth on grain yield/plant.
INTRODUCTION
Grain yield in rice is a quantitatively inherited trait and involve function of several components. Selection of superior genotypes for rabi (post rainy) based on yield is difficult due to the integrated structure of plant in which the component characters are interdependent and are governed by a large number of cumulative, duplicative and dominant genes. The presence and magnitude of genetic variability for important economic traits in a gene pool is a pre-requisite for any breeding programme. Availability of such natural variability can be assessed by employing certain tools. Heritability estimates provide the information on the proportion of variability that can be transmitted to the progenies in subsequent generations. Genetic Advance provides information on expected genetic gain resulting from selection of superior individuals. While, correlation study measures the association between characters and helps to identify important characters to be considered for making effective selection. Path analysis elucidates the intrinsic nature of the observed association and imparts confidence in selection scheme adopted for a given situation. Therefore, the present investigation was aimed to assess the variability and to ascertain the relative contribution of different yield attributes to grain yield and their interrelationships by estimating correlation, path analysis and coefficients of variability with heritability and genetic advance so as to select superior genotypes to suit for rabi season.
MATERIAL AND METHODS
The experimental material for the present investigation comprised of 21 released varieties, pre-release cultures and hybrids of rice ( Table 1) . The study was conducted in randomized complete block design with three replications at Regional Agricultural Research Station (RARS), Jagtial, Karimnagar during rabi, 2009-10. Thirty day old seedlings were transplanted in rows of 4.5 m length at 15 cm intra row spacing. Recommended package of practices were adopted to raise a healthy crop and need based plant protection measures were undertaken. The observations were recorded on five randomly selected plants for each entry and replication and data on 15 yield and quality characters viz., days to 50 % flowering, plant height (cm), number of productive tillers plant -1 , panicle length (cm), number of filled grains panicle -1 , panicle density, spikelet fertility per cent, 1000-grain weight (g), grain yield plant -1 (g) hulling per cent, milling per cent, head rice recovery per cent, kernel length (mm), kernel breadth (mm) and L/B ratio was generated. Analysis of variance was computed based on randomized block design as per standard statistical procedure 22 . The genotypic and phenotypic coefficients of variation were calculated using the formulae suggested by Burton 7 . Broad sense heritability was calculated as per Hanson et al. 10 . Genetic advance was estimated by the method suggested by Johnson et al. 11 . Correlations and path coefficients were worked out for 12 characters. Correlations were estimated according to the procedure of Weber and Moorthy 35 . Direct and indirect effects were calculated as per Dewey and Lu 8 .
RESULTS AND DISCUSSION
The analysis of variance revealed significant differences among genotypes for the characters under study (Table 2) . Hence, the genotypes possessed heritable genetic variability with respect to the characters studied. Success of any crop improvement programme largely depends on the amount of genetic variability present for the characters under consideration for improvement. In the present study, the phenotypic coefficient variability (GCV) was higher than genotypic coefficient of variability (GCV) for all the characters which could be attributed to the role of the environment (Table 3 ). This was in conformity with earlier findings 5, 31 . The estimates of phenotypic and genotypic coefficients of variability were high in case of number of filled grains/panicle followed by plant height and grain yield/plant. This indicated the presence of greater variability in respect of these attributes. High estimates of PCV and GCV for number of filled grains per panicle 14, 20, 23 , for plant height 4 and for grain yield/plant 1,14 were reported earlier.
Moderate estimates of phenotypic and genotypic coefficients of variation were recorded for days to 50 % flowering, spikelet fertility per cent, 1000-grain weight and head rice recovery. The small differences between genotypic and phenotypic coefficients of variation indicated less influence of environment in the expression these characters. These results are in accordance with the earlier findings 20, 29 . Low estimates of phenotypic and genotypic coefficients of variation were observed for number of productive tillers/plant, panicle length, panicle density, hulling per cent, milling per cent, kernel length, kernel breadth and L/B ratio indicating less variability among the genotypes studied for these traits. Similar results were also reported earlier 14, 24 . The narrow difference between PCV and GCV for the milling quality traits suggested that these traits were less influenced by environment and hence, they could be improved through simple selection procedures. Heritability indicates the relative degree at which a character is transmitted from parent to offspring. High heritability values indicated that the characters under study were less influenced by environment in their expression. The traits exhibiting high heritability could be improved by adopting simple selection methods. Heritability is considered to be high when the value is greater than 50 and medium between 20-50. Further, the information on genetic variation and genetic advance helps to predict the genetic gain that could be obtained in later generations, if proper selection is made for improving the particular trait under consideration. High heritability coupled with high genetic advance as per cent of mean was observed for productive tillers/plant, panicle density, filled grains/panicle, 1000-grain weight, grain yield/plant and kernel length. These traits were predominantly influenced by additive genetic effects, which offer better scope of isolation of pure lines through direct selection schemes. The results in similar lines were also reported earlier for productive tillers/plant 1, 21, 23 , for number of filled grains/panicle 23 , for 1000-grain weight 6, 12 and for grain yield/plant 16, 26 . High estimates of heritability in association with moderate genetic advance as per cent of mean for plant height, kernel breadth, L/B ratio suggested the role of both additive and non-additive gene actions in their inheritance. Hence adoption of breeding methods which could exploit both the gene actions would be a prospective approach 14, 25, 27, 32 . High heritability coupled with low genetic advance as per cent of mean was recorded for days to 50 % flowering, panicle length, milling per cent and head rice recovery, which indicated limited scope for selection 17, 19, 23 . Moderate heritability with low genetic advance as per cent of mean for spikelet fertility per cent, hulling per cent indicated the preponderance of non-additive gene action in their expression. Therefore, further exploitation of these traits would be possible through heterosis breeding and recurrent selection procedures 19 . The efficiency of selection for yield mainly depends on the direction and magnitude of association between yield and its components and among themselves. Correlation analysis provides useful information on the nature and magnitude of association of different component characters with grain yield in addition to the nature of interrelation ships among the component traits themselves. In the present investigation, the association analysis (Table 4) indicated that grain yield was significantly associated with days to 50 % flowering, plant height, number of productive tillers/plant, panicle length, panicle density and number of filled grains/panicle. Similar kind of association were reported by earlier studies for days to 50 % flowering 14, 26 ; for plant height, number of productive tillers/plant and panicle length 9, 14, 28 ; for panicle density 17, 30 and for number of filled grains/panicle 3, 17 . The grain yield/plant had non-significant and negative association with spikelet fertility per cent 15 , 1000-grain weight 17, 22 , kernel length, kernel breadth and L/B ratio 14 indicated less importance of these components in reflecting final yield. Days to 50 % flowering had significant positive association with number of productive tillers/plant, number of filled grains per panicle 13 , panicle density, 1000-grain weight, kernel length, kernel breadth and L/B ratio. The association of panicle length with number of filled grains/panicle, 1000-grain weight, L/B ratio 13, 33 , kernel length and kernel breadth was significantly positive. Whereas; number of productive tillers per plant had significant positive association with panicle density, kernel length and L/B ratio; Panicle density had significant positive association with number of filled grains per panicle 30 , 1000-grain weight, kernel length, kernel breadth and L/B ratio. 1000-grain weight had significant positive association with kernel length, kernel breadth and L/B ratio 13 . Further, the association of kernel length with kernel breadth and L/B ratio was significantly positive. These results are in agreement with the earlier findings 14, 15 . The correlation studies finally revealed that day to 50 % flowering, plant height, number of productive tillers/plant, panicle length, panicle density and number of filled grains/panicle showed positive and significant association with grain yield. Among these components, productive tillers/plant and filled grains/panicle played greater role in production of higher grain yield per plant. Hence, for rabi season, selection of genotypes with more number of productive tillers/plant, filled grains/panicle and increased panicle length duly balancing the plant height as per optimum plant type would be the best approach. Correlation gives only the idea about the extent and nature of association between two traits, whereas a combined study of path analysis and correlations helps to identify the exact components, which play greater role in yield contribution. Hence, in the present study path coefficient analysis was also performed to compute direct and indirect effects of 11 characters on grain yield (Table 5 ). The characters viz., plant height, number of productive tillers/plant, and kernel breadth exhibited positive direct effect on grain yield. Whereas, days to 50 % flowering, number of filled grains/panicle (phenotypic level) and kernel length (phenotypic level), panicle length, panicle density, spikelet fertility per cent and L/B ratio (genotypic level) showed negative or positive effects at very low level, indicating less influence of these traits in yield performance. This indicated that among different components, plant height, productive tillers/plant and filled grains/panicle were major yield contributing characters as they exhibited high correlation and direct effects at genotypic level with yield. These results are in agreement with the earlier findings for plant height 9 ; for productive tillers/plant 2, 28 ; for filled grains/panicle 33, 34 . Plant height showed positive indirect effect through days to 50 % flowering (phenotypic level), productive tillers/plant, panicle length, panicle density, number of filled grains/panicle, spikelet fertility per cent, 1000-grain weight, kernel length, kernel breadth and L/B ratio on grain yield. These results are in consonance with the earlier findings 9, 14, 18 . Productive tillers/plant exhibited positive indirect effect through spikelet fertility per cent (phenotypic level), days to 50 % flowering, panicle length, 1000-grain weight, kernel length and L/B ratio on grain yield, which is in conformity with the earlier reports 2, 14, 22 . Filled grains/panicle showed positive indirect effect through days to 50 % flowering, plant height, panicle length, panicle density (genotypic level), productive tillers/plant, 1000 -grain weight, kernel length, kernel breadth and L/B ratio (phenotypic level) and spikelet fertility on grain yield which was also reported earlier 2, 14, 22 .
CONCLUSION
Critical analysis of results by path analysis revealed that the characters plant height followed by productive tillers/plant and filled grains/panicle were directly influencing the grain yield. A comprehensive perusal of correlation and direct and indirect effects indicated that selection towards the genotypes having more number of productive tillers/plant coupled with higher number of filled grains/panicle would be more rewarding to evolve potential varieties for rabi season. As grain yield in turn is dependent on panicle length and plant height, plants with optimum height, sturdy culm with increased panicle length, filled grains/panicle coupled with more productive tillers would be considered as high yielding types.
